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(54) MOS transistor and fabrication process therefor 



(57) An MOS transistor comprises a semiconductor 
substrate having a field region; a gate electrode formed 
on the semiconductor substrate through the intermedi- 
atry of a gate insulating film; and source/drain regions 
formed in the semiconductor substrate; wherein the field 
region including at least a lower insulating film and an 
upper Insulating film made of a material permitting the 
upper Insulating film to be selectively etched with re- 
spect to the lower Insulating film; the gate electrode be- 
ing configured such that the gate length of a top surface 



thereof is greater than the gate length of a bottom sur- 
face thereof facing a channel region positioned between 
the source/drain regions; the gate electrode having a 
sidewall spacer formed of a sidewall insulating layer 
made of the lower insulating film and a material permit- 
ting the sidewall insulating layer to be selectively etched 
with respect to the upper insulating film, the sidewall 
spacer contacting a side wall of the gate electrode for 
covering an outer periphery of the channel region; and 
the channel region being substantially leveled with the 
source/drain regions. 



Fig. 1(a) 
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D scrlption 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present Invention relates to an MOS transistor 
and a fabrication process therefor. More particularly, the 
invention relates to an MOS transistor for silicon LSI cir- 
cuitry and a fabrication process therefor. 

2. Description of the Prior Art 

In the leading-edge silicon MOS-LSI technology, 
the gate length of a transistor has been reduced to 70 
% about every three years to improve the performance 
of the transistor. The integration level of transistors per 
chip is increased, allowing for the fabrication of higher- 
speed and higher-function LSI circuitry. 

it has been confirmed In a development stage that 
MOS transistors properly operate which have a much 
smaller size than LSI circuitry actually being manufac- 
tured. More specifically, the operation of a transistor 
having a gate length of not more than 0.1 ^m was al- 
ready confirmed when the manufacture of the LSI cir- 
cuitry using transistors each having a gate length of 
0.35|am to 0.4|im was started. 

The production of trial smaller- size transistors, par- 
ticularly the patterning of gate electrodes. Is not 
achieved by using exposure facilities for the manufac- 
ture of the conventional LSI circuitry but by using devel- 
opment-purpose facilities such as an electronic beam 
exposure apparatus with a low throughput which are not 
generally used for LSI circuitry mass production. Thus, 
It is quite difficult to start the mass production of the prod- 
ucts by using such development-purpose facilities. 

Reduction in the power consumption of chips Is es- 
sential to fabricate high-performance portable devices. 
For this purpose, reduction in operating voltage is the 
most effective measures. More specifically, the reduc- 
tion In the operating voltage by half achieves the reduc- 
tion in the power consumption to one quarter. However, 
the reduction in the operating voltage results in a re- 
markable decrease in the operating rate of an LSI circuit. 
For example, It is almost impossible to allow an LSI cir- 
cuit to operate at a voltage as low as 1 .5V to 1 .OV at the 
same operating rate as that at 3.3V under the same de- 
sign rule. For the reduction in the operating voltage, it 
is necessary to reduce the size of the transistors to Im- 
prove the performance of the LSI circuit. 

Attempts have been made to mass-produce ex- 
tremely small transistors now under development with- 
out being restricted by the limitation of a micro-litho- 
graphic technique for the mass production thereof. 

One of the attempts is such that a resist pattern hav- 
ing the possible narrowest width of the exposure limit of 
a practical exposure apparatus is first formed and then 
narrowed by Isotropic oxygen plasma etching or the like 



for formation of a micro pattern (resist ashing process). 
For example, a pattern having a line width of 0.35^m Is 
formed by the i-line exposure technique, and then 
etched by 0.1 iim for formation of a gate pattern having 
5 a line width of about 0. 1 5\xn\. 

To achieve high-spe d operation with low voltage, 
reduction of parasitic capacitance, particularly the re- 
duction of source-drain capacitance, Is essential. 
For the reduction of the source/drain capacitance, 
10 there has been provided a method in which impurity ions 
are implanted only into a part of a transistor formation 
region by using a resist mask to distribute the impurity 
In a high concentration only in channel portions and in 
a low concentration under source / drain regions. An- 
15 other method to reduce the source/drain capacitance is 
to use an SOI (silicon on insulator) substrate. 

To simultaneously achieve the reduction in the gate 
length and the reduction in the source/drain capaci- 
tance, there is provided a method of fabricating MOS 
transistors of a stacked diffusion layer type as shown in 
Figs. 21(a) to 21(d) (Applied Physics Vol. 61, No. 11 
(1992). pp. 1143-1146). 

Referring to Fig. 21 (a), device isolation films 62 are 
formed on a surface of a substrate 61 , and a polysilicon 
film 63 and an oxide film 64 are formed on the entire 
surface of the resulting substrate 61 . 

An impurity is diffused In the polysilicon film 63, and 
then the polysilicon film 63 and the oxide film 64 are pat- 
terned so that portions thereof which are to serve as dif- 
fusion layers are left as shown in Fig. 21 (b). This causes 
a surface layer of the substrate 61 which is to sen^e as 
a channel region 65 to be etched away because of its 
extremely low selective etching ratio with respect to 
polysilicon, whereas the device Isolation film 62 on 
which the polysilicon film 63 and the oxide film 64 are 
etched away is not substantially etched. 

Then, as illustrated in Fig. 21(c). an oxide film Is 
fomned on the entire surface of the resulting substrate 
61 including the polysilicon film 63 and the oxide film 64. 
and then etched back to form a sidewall spacer 66 on 
the side walls of the polysilicon film 63 and the oxide film 
64. The channel region 65 is reduced in size by the side- 
wall spacer 66. Impurity Ions are implanted by using the 
polysilicon film 63. the oxide film 64 and the sidewall 
spacer 66 as a mask to control a transistor threshold 
voltage and suppress a short-channel effect. The Ion im- 
plantation is performed only on a channel region open- 
ing portion 67 to allow the impurity concentration under 
the diffusion layer to be kept relatively low, thereby re- 
ducing the source/drain capacitance. Heat treatment is 
performed to diffuse the Impurity into the substrate 61 
from the polysilicon film 63. 

As shown In Fig. 21(d), a gate insulating film 68 is 
formed on the opening portion 67. In turn, a polysilicon 
film is fomied on the gate insulating film 68, and then 
patterned into a desired configuration to form a gate 
electrode 69. An interlayer insulating film 70 and an alu- 
minum wiring 71 are formed. Thus, the transistor Is com- 
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plet d. 

The resist ashing process described above is effec- 
tive to form a small number of transistors in a develop- 
ment stage, but presents the following disadvantages. 

5 

(a) Difficulty In ensuring a uniform etching rate in all 
regions within the wafer surface causes a tendency 
toward a variation in line width of the resist pattern. 

(b) The amount of etching may be controlled only 

by an etching time. This presents a difficulty in en- io 
suring reproducibility of the etching anriount due to 
a variation in the etching rate. 

(c) Nonuniform light exposure due to a slight level 
difference on the boundary of the device Isolation 
region such as an LOCOS film and a difference in is 
optical characteristics may result in a narrowed line 
width. Such a line width variation still remains after 

the line width reduction. Thus, even a line width var- 
iation within an allowable range before the line width 
reduction thereafter presents a significant problem. 20 
. For example, a O.OSjim variation relative to a 
O.SS^m line width is less than 10% which is within 
the allowable range. However, after the line width 
is reduced by etching the resist pattern by O.l^m, 
the line width is 0.1 5^m. The O.OS^im variation rel- 2S 
ative to the 0. 1 5^im line width is 20% which falls out- 
side the allowable range. 

(d) Since the gate electrode has a very small line 
width of 0.1 ^m to 0.2^m, the interconnection resist- 
ance of the gate electrode is increased. To prevent 30 
the increase in the interconnection resistance of the 
gate electrode, the gate electrode may be thickened 

or be made of a material such as CoSi2 which has 
a low resistance. However, the increase in the thick- 
ness of the gate electrode results in a remarkably 35 
uneven surface of the substrate, thereby causing 
troubles during the subsequent step of forming met- 
al interconnection. More specifically, when the gate 
electrode having a line width of O.SS^m is formed 
by using a O.l^im-thick WSi film /O.l^m-thick poly- 40 
silicon film, the line width reductbn by 0.1pm on ei- 
ther side is 43% to provide a O.IS^im-wide gate 
electrode, but increases the resistance of the gate 
electrode about 2.3 times. In order to prevent the 
increase in the interconnection resistance, the gate 45 
electrode must be thickened about 2.3 times if the 
thickened portion of the gate electrode is to be 
formed of polysilicon. Since it is difficult to thicken 
only the WSi film in the gate electrode using WSi 
film/polysilicon film, the thickness of the gate elec- so 
trade must be almost doubled, i.e.. about OA\im, to 
reduce the interconnection resistance to a desired 
level. On the other hand, it is known that, when a 
TiSi2 salicide having a low resistance is used, the 
decrease in the line width of the gate electrode ss 
abruptly increases the resistance, resulting in inef- 
fective use of salicide. 



The method of reducing the source /drain capaci- 
tance presents the following problems. 

(e) Implantation of impurity ions into a part of the 
transistor formation region requires a special mask- 
ing step, thereby increasing the number of fabrica- 
tion process steps and a fabrication cost. 

(f) The use of the SOI substrate has a great effect 
to reduce the source/drain capacitance, but the cost 
of the SOI substrate is about 3 to 10 times those of 
the conventional silicon substrate. In addition, the 
SOI substrate is often poorer in quality than the con- 
ventional silicon substrate. 

Further, the method of fabricating the MOS transis- 
tor of the stacked diffusion layer type presents the fol- 
lowing problems. 

(g) The formation of a CMOS transistor requires at 
least 11 photolithographic steps since it involves 
formation of a device isolation film, an N well region, 
a P well region, a diffusion layer of polysilicon, an 

region of polysilicon, a P+ region of polysilicon, 
an NMOS channel region (implantation of an impu- 
- rity into a channel opening portion of an NMOS tran- 
sistor), a PMOS channel region, a gate electrode, 
a contact hole and an aluminum interconnection. 
That Is, the formation of the MOS transistor of the 
stacked diffusion layer type requires three addition- 
al photolithographic steps over the conventional 
CMOS formation. Specifically, two of the three ad- 
ditional photolithographic steps are required when 
the gate electrodes of the PMOS and NMOS tran- 
sistors are formed by a P+ polysilicon film and an 
N^ polysilicon film, respectively (a so-called dual 
gate structure which is essentia) to suppress the 
PMOS short-channel effect and Is considered to be 
indispensable where the gate length is not greater 
than 0.25^m). The remainder of the three additional 
photolithographic steps is required for the pattern- 
ing of the diffusion layer of polysilicon. 

(h) During the step of etching the polysilicon film and 
the oxide film formed on the silicon substrate for pat- 
terning of the diffusion layer, a surface portion of the 
silicon substrate which is to serve as the channel 
region is etched and exposed to an oxide film etch- 
ing atmosphere when the sidewall spacer is formed. 
This damages the gate insulating film, and reduces 
transistor current due to decrease in the mobility of 
electrons or holes. 

(i) The photolithographic step for patterning the dif- 
fusion layer as well as determining the gate length 
is performed after the device isolation region is 
formed. The slight level difference and the differ- 
ence In optical characteristics produce a locally nar- 
rowed line width in the resist pattern during light ex- 
posure, resulting In a variation in the line width of 
the resist pattern. 
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(i) The polysilicon film which is to serve as the dif- 
fusion layer is coated with an insulating film be- 
cause of the necessity to insulate the gate electrode 
and the diffusion layer from each other. In this case, 
however, it is impossible to employ the salicide s 
technique for forming TiSi2 simultaneously on the 
gate electrode and on the diffusion layer (the sali- 
cide technique is considered to be essential when 
the gate length is not more than 0.25^m). 
(k) The gate electrode and the diffusion layer are 
provided with a relatively thin oxide film (up to 
0.1 |im) interposed therebetween, resulting in a 
greater parasitic capacitance between the gate 
electrode and the diffusion layer than that of the pri- 
or art. 

(I) The polysilicon film (e.g., 0.1 ^im) for the diffusion 
layer and the oxide film (e.g., 0.1 jim) are formed on 
the device isolation region, and the polysilicon film 
(e.g.. 0.2^m) for the gate electrode is formed ther- 
eon. The level difference on the substrate is about 
0.4^m which is almost twice greater than that of the 
conventional CMOS transistor (which is 0.2jim). 

SUMMARY OF THE INVENTION 

The present invention provides an MOS transistor 
comprising: a semiconductor substrate having a field re- 
gion; a gate electrode formed on the semiconductor 
substrate through the intermediatry of a gate insulating 
film; and source/drain regions formed in the semicon- 
ductor substrate; 

wherein the field region including at least a lower 
insulating film and an upper insulating film made of a 
material permitting the upper insulating film to be selec- 
tively etched with respect to the lower insulating film; the 
gate electrode being configured such that the gate 
length of a top surface thereof is greater than the gate 
length of a bottom surface thereof facing a channel re- 
gion positioned between the source/drain regions; the 
gate electrode having a sidewall spacer formed of a 
sidewall Insulating layer made of the lower insulating 
film and a material permitting the sidewall insulating lay- 
er to be selectively etched with respect to the upper in- 
sulating film, the sidewall spacer contacting a side wall 
of the gate electrode for covering an outer periphery of 
the channel region; and the channel region being sub- 
stantially leveled with the source/drain regions. 

Further, the present invention provides a process 
for fabricating an MOS transistor, comprising the steps 
of: (I) forming a lower insulating film and an upper insu- 
lating film on the entire surface of a semiconductor sub- 
strate, and forming an opening extending to the lower 
insulating film In the upper Insulating film on a channel 
region and a periphery portion of the channel region; (il) 
forming a sidewall Insulating layer of a material permit- 
ting the sidewall insulating layer to be selectively etched 
with respect to the upper insulating films on a side wall 
of the opening formed in the upper insulating film, and 



removing a portion of the lower insulating film which is 
present In the bottom of th opening and does not un- 
derlie the sidewall insulating layer to expose the semi- 
conductor substrate; (ill) forming a gate insulating film 
on the exposed semiconductor substrate; (iv) forming a 
gate electrode on the gate insulating film so that at least 
a portion of the sidewall insulating layer Is covered 
therewith; and (v) removing a portion of the upper insu- 
lating film which overlies regions where source/drain re- 
gions are to be formed, to form a sidewall spacer con- 
tacting a side wall of the gate electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 (a) and 1 (b) are a schematic cross-sectional 
view and a schematic longitudinal sectbnal view, 
respectively, illustrating an MOS transistor accord- 
ing to one embodiment of the present invention; 
Figs. 2(a) to 2(d), Figs. 3(e) to 3(h), Figs. 4(1) to 4 
(I). Figs. 5(m) to 5(o) and Figs. 6(p) and 6(q) are 
schematic sectional views Illustrating a first fabrica- 
tion process for the MOS transistor of Figs. 1 (a) and 
1(b); 

Figs. 7(a), 7(b). 8(c) and 8(d) are plan views for ex- 
. plaining the configuration of resist masks to be used 
in the fabrication process for the MOS transistor of 
Figs. 1(a) and 1(b); 

Fig. 9 is a schematic sectional view illustrating the 
MOS transistor according to another embodiment 
of the present invention; 

Figs. 10 and 11 are sectional views for explaining 
the angle of ion implantation in the fabrication proc- 
ess for the MOS transistor of Figs. 1 (a) and 1 (b); 
Fig. 12 Is a graphical representation illustrating an 
impurity concentration distribution around source/ 
drain regions of the MOS transistor of Figs. 1 (a) and 
1(b); 

Fig. 1 3 Is a graphical representation illustrating an 
impurity concentration distribution around a chan- 
nel region of the MOS transistor of Figs. 1(a) and 1 
(b); 

Figs. 14(a) to 14(d). Figs. 15(e) to 15(h), Figs. 16(i) 
to 1 6(1). and Figs. 1 7(m) to 1 7(o) are schematic sec- 
tional views illustrating a second fabrication proc- 
ess for the MOS transistor according to the present 
invention; 

Figs. 18(a) to 1 8(c) are plan views for explaining the 
configuration of resist masks to be used in the sec- 
ond fabrication process for the MOS transistor ac- 
cording to the present Invention; 
Figs. 1 9(a) and 1 9(b) are schematic sectional views 
illustrating a third fabrication process for the MOS 
transistor according to the present invention; 
Figs. 20(a) and 20(b) are schematte sectional views 
illustrating a fourth fabrication process for the MOS 
transistor according to the present invention; and 
Figs. 21(a) to 21(d) are schematic sectional views 
illustrating a fabrication process of a conventional 
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MOS transistor. 

DESCRIPTIOMOF THE PREFERRED 
EMBODIMENTS 

5 

An MOS transistor according to th present inven- 
tion is formed on a semiconductor substrate. Preferably 
used as the semiconductor substrate is a silicon sub- 
strate, for example. A field region is formed on the sem- 
iconductor substrate to define a region where the MOS 
transistor is to be formed. One or more P-type wells, N- 
type wells, P-type regions or N-type regions may be 
formed as required in the semiconductor substrate. 

The field region comprises at least a lower insulat- 
ing film and an upper insulating film. is 

The lower Insulating film comprises, for example, a 
single-layer film such as a silicon oxide film or a silicon 
nitride film, a double-layer film such as silicon nitride 
film/silicon oxide film or silicon oxide filnn/silicon nitride 
film, or a triple-layer film such as an silicon oxide film/ 20 
silicon nitride film/ silicon oxide film (ONO film). Among 
those, the double-layer film consisting of a silicon nitride 
film/silicon oxide film is preferably used. In this case, the 
respective films constituting the double-layer film may 
have thicknesses such that the lower insulating film can 25 
effectively and sufficiently function as an insulating film 
and as an etching stopper. For example, the silicon ni- 
tride film and silicon oxide film of the double-layer film 
preferably have thicknesses of about 5nm to about 
50nm and about 5nm to about 30nm, respectively. 30 

The upper insulating film may be formed of a mate- 
rial which is selected from those capable of being used 
as the lower insulating film and which permits the upper 
insulating film to be selectively etched with respect to 
the lower insulating film. It is herein defined that the ma- 35 
terials which permit the upper insulating film to be se- 
lectively etched with respect to the lower Insulating film 
are such that the etching rate of the lower insulating film 
to the upper insulating film can be controlled to be about 
1:5 to about 1:30 when the upper and lower insulating 40 
films are simultaneously etched by a known etching 
method such as reactive ion etching. In other words, it 
may be defined that the material for the upper Insulating 
film can be etched 5 to 30 times faster than the material 
for the lower insulating film when the materials for the 4S 
upper and lower insulating films are subjected to etch 
under the same conditions. A desired etching rate of the 
upper and lower insulating films can be obtained by the 
selection of proper materials, the later described film for- 
mation methods or the like. Where the lower Insulating 50 
film is a double-layer film consisting of a silicon nitride 
film/silicon oxide film, for example, the upper insulating 
film is preferably a silicon oxide film capable of being 
selectively etched with respect to the silicon nitride film 
in the surface portion of the lower insulating film. In this 5S 
case, the upper insulating film may have such a thick- 
ness as to effectively function as the field region coop- 
eratively with the lower insulating film, for example, 



about lOOnm to about 300nm preferably. 

A gate electrode is formed on a gate Insulating film 
formed on a portion of the semiconductor substrate 
where the field region is not formed. The gate insulating 
film preferably employs a silicon oxide film having a 
thickness of about 1 sA to about 60A. The gate electrode 
comprises, for example, a single-layer film or a film con- 
sisting of two or more layers made of polysilicon, a sili- 
cide of a high-melting-point metal, a polycide of a silicide 
and polysilicon, or the like. Where polysilicon is em- 
pk>yed, for example, the film thickness is preferably 
about 50nm to about 300nm. Where a polycide is em- 
ployed, a silicide film of a high-melting-point metal such 
as Ti. Ta or W having a thickness of about 50nm to about 
200nm is formed on a polysilicon film having a thickness 
of about 50nm to about 200nm. 

The configuration of the gate electrode is such that 
the top suriace is greater in gate length than the bottom 
surface facing a channel region. More specifically, at 
least a lower portion of the side wall of the gate electrode 
is shaped to have an indentation or recess inwardly in- 
dented in a linear, curved or stepped form. The recess 
is preferably symmetric, but may be asymmetric. The 
inward indentation may be formed throughout the side 
wall of the gate electrode, but an upper portion of the 
side wall Is preferably perpendicular to the substrate 
surface. The gate length of the bottom suriace facing 
the channel region is preferably smaller by lOOnm to 
SOOnm than the gate length of the top surface. More spe- 
cifically, the gate length of the bottom surface facing the 
channel region is about O.OS^m to about 0.3)im, and the 
gate length of the top surface is about 0.35nm to about 
0.4^m. The gate electrode, however, may have a short- 
er gate length. 

On the side walls of the gate electrode is formed a 
sidewall spacer in contact with the gate electrode to cov- 
er the outer periphery of the channel region of the MOS 
transistor. The sidewall spacer is preferably formed in 
the recess of the gate electrode. The sidewall spacer 
comprises the lower insulating film constituting the field 
region and a sidewall insulating layer formed on the low- 
er insulating film. The sidewall insulating layer may com- 
prise a single-layer film, a double-layer film or a triple- 
layer film formed of substantially the same materials as 
those for the lower insulating film which permit the side 
wall insulating layer to be selectively etched with respect 
to the upper Insulating film. Where the upper Insulating 
film is a silicon oxide film, for example, the sidewall in- 
sulating layer may be a single-layer silicon nitride film 
(indicated by a reference character 1 6b in Fig. 9). In con- 
sideration of the selective etching ratio to the lower in- 
sulating film, the sidewall insulating layer preferably 
comprises a silicon oxide film disposed in the recess of 
the gate electrode and a silicon nitride film formed to 
cover the silicon oxide film. In this case, the sidewall in- 
sulating layer is preferably shaped to have a surface 
substantially perpendicular to the semiconductor sub- 
strate surface. The thickness of the sidewall spacer may 



6 



9 



EP0777 269 A2 



10 



be suitably adjusted depending on th line width of the 
gate electrode, but is preferably about 50nm to about 
ISOnm at the maximunr) just above the semiconductor 
substrate. 

Source/drain regions ar formed In a portion of the 5 
semiconductor substrate where the field region is not 
formed. The channel region is located under the gate 
electrode between the source/drain regions. The sur- 
face of the portion of the semiconductor substrate in 
which the source/drain regions and the channel region 
are located is substantially flat. The source/drain re- 
gions preferably contain impurity ions such as phospho- 
rus, arsenic or boron ions in a concentration on the order 
of 1 X lO^^cm-^ to 1 X 102icm-3 and may be of an LDD 
structure. 

In a process for fabricating an MOS transistor ac- 
cording to the present invention, a lower insulating film 
and an upper insulating film are formed on the entire 
surface of a semiconductor substrate in the step (I). For 
example, a silicon oxide film and a silicon nitride film are 
sequentially formed as the lower insulating film, and a 
silicon oxide film is formed as the upper insulating film. 
The formation of the silicon oxide film may be achieved 
by thermal oxidation, atmospheric pressure CVD or low 
pressure CVD, and the formation of the silicon nitride 
film may be achieved by atmospheric pressure CVD or 
low pressure CVD. Then, an opening is formed in the 
upper insulating film on a channel region and a periph- 
eral portion of the channel region so as to extend to the 
lower insulating film. The formation of the opening is 
achieved by fomiing a resist pattern having an opening 
portion corresponding to the opening by way of a known 
technique such as a photolithographic and etching proc- 
ess and then etching the upper insulating film by way of 
reactive ion etching with use of the resist pattem as a 
mask under conditions that allow only the upper Insulat- 
ing film to be selectively etched. More specifically where 
the lower and upper insulating films are the silicon nitride 
film and silicon oxide film, respectively, the etching may 
be performed at a pressure of about SmTorr in an oxide 
film etching apparatus (e.g., HDP-5300 available from 
AMAT) by inductively coupled plasma using an CH2F2/ 
CaFg/Ar gas. In this manner, the provision of the lower 
Insulating film made of a nnaterial having a snnaller etch- 
ing rate than the upper insulating film allows only the 
upper insulating film to be selectively etched to form the 
opening extending to the lower insulating film. The for- 
mation of the opening determines the gate length to- 
gether with the subsequent step of forming a sidewall 
spacer. 

In the step (ii) of the fabrication process, a sidewall 
insulating layer is formed on the side wall of the opening 
in the upper insulating film. First, an insulating layer for 
formation of the sidewall insulating layer is formed on 
the upper insulating film including the opening. The in- 
sulating layer is preferably made of a material which per- 
mits the insulating layer to be selectively etched with re- 
spect to the upper Insulating layer formed in the step (i). 



For example, where the upper insulating film is a silicon 
oxide film, the insulating layer Is preferably formed by 
first forming a thin silicon nitride film sen/ing as an etch- 
ing stopper for the silicon oxide film of the upper Insu- 
lating film on the entire surface of the upp r insulating 
film and then forming a silicon oxide film on the thin sil- 
icon nitride film. Employment of a selective etching proc- 
ess allows a single-layer silicon nitride film to be used 
as the insulating layer. Then, the Insulating layer is an- 
isotropically etched back to permit a portion of the insu- 
lating layer to remain only on the side wall of the opening 
for the formation of the sidewall insulating layer. In this 
case, since the insulating layer is made of a material 
which permits the insulating layer to be selectively 
etched with respect to the upper insulating film, damag- 
es to the semiconductor substrate due to overetching 
can be prevented. The sidewall insulating layer herein 
formed serves as part of the sidewall spacer at the final 
state, and the thickness of the insulating layer for the 
sidewall insulating layer controls the final gate length L. 
Subsequently a portion of the lower insulating film in the 
bottom of the opening which does not underlie the side- 
wall insulating layer is removed to expose the semicon- 
ductor substrate. The lower insulating film may be re- 
rnoved by a dry etching process such as reactive Ion 
etching, a wet etching process or the like. Where the 
silicon nitride film/silicon oxide film is used as the lower 
insulating film, for example, the silicon nitride film is se- 
lectively etched away at a pressure of about lOOmTorr 
in an SiN etching apparatus (e.g., P-5000 available from 
AMAT) by magnetron plasma using a CHaF/Og/Ar gas, 
and the silicon oxide film is then removed by a wet etch- 
ing process using an aqueous solution of hydrofluoric 
acid or the like. Such a process prevents damages to 
the semiconductor substrate resulting from overetching 
thereof. 

In the step (ill) of the fabrication process, a gate in- 
sulating film is formed on the exposed portion of the 
semiconductor substrate. The formation of the gate in- 
sulating film is preferably achieved by thermal oxidation 
at a temperature of about 700*^C to about 1000°C or by 
hydrochloric acid oxidation to allow the gate insulating 
film to have a much reduced thickness. Prior to the for- 
mation of the gate insulating film, the steps of washing 
and rinsing the semiconductor substrate surface by a 
RCA cleaning method may be performed as required. 
To suppress impurity diffusion from a gate electrode to 
the semiconductor substrate, the gate insulating film 
may contain one- to several-percent nitrogen at the in- 
terface of the gate insulating film and the semiconductor 
substrate. In such a case, annealing may be performed 
in an atmosphere containing several- to 90-percent NgO 
at a temperature of about 800°C to about I.OOOX for 
about five minutes to about one hour, for example, after 
the formation of the gate insulating film. 

In the step (iv) of the fabrication process, a gate 
electrode is formed on the gate insulating film. First, a 
gate electrode material such as polysillcon is deposited 
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on the entire surface of the resulting senniconductor sub- 
strate including the gate insulating film, and then pat- 
terned by a known technique such as photolithographic 
and etching process to form the gate electrode having 
a desired configuration. Deposition of polysilicon is 
achieved by the atmospheric pr ssure CVO or low pres- 
sure CVD, for example, and the deposited polysilicon is 
preferably doped with P-type or N-type impurity ions as 
required. In consideration of an alignment margin AM 
and a stdewall spacer width SW. the gate electrode ma- 
terial Is patterned so that a gate electrode width Ls (the 
gate length of the top surface of the gate electrode, see 
Fig. 10) is greater than the gate length Lb (the gate 
length of the bottom surface of the gate electrode facing 
the channel region) by at least 2(AM-SW), preferably 
2AM. In other words, the gate electrode material is pref- 
erably patterned to cover at least a portion of the side- 
wall insulating layer. The patterning does not require the 
conditions which provide a great selective etching ratio 
to the upper Insulating film, since the relatively thick up- 
per Insulating film is formed under the gate electrode 
material. In addition, the patterning in this step does not 
directly determine the gate length and. therefore, does 
not require a high accuracy. For example, the conven- 
tional method requires a line width control accuracy of 
not more than about 10% of the minimum line width on 
a polysilicon film having a very high reflection factor. 
However, the patterning In this step only requires a line 
width control accuracy of not more than about 30% of 
the minimum line width. Connection portions for external 
interconnection lines and connection portions for the 
gate electrodes of other transistors may be formed si- 
multaneously with the patterning of the gate electrode. 

In the step (v) of the fabrication process, portions of 
the upper Insulating film provided on regions where 
source/drain regions are to be formed are removed. For 
example, only the upper insulating film is selectively 
etched away in the same manner as the etching for the 
opening formation in the step (i). This allows the semi- 
conductor substrate surface to be protected from over- 
etching. In some cases, the upper Insulating film under 
the gate electrode cannot sufficiently be removed by the 
etching in this step. If this occurs, a wet etching process 
using, for example, an aqueous solution of HF may be 
subsequently performed to completely remove the por- 
tions of the upper insulating film which overlie the re- 
gions where the source/drain regions are to be formed. 
These etching processes cause the gate electrode to 
have an overhanging configuration, if no misalignment 
occurs during the patterning of the gate electrode. The 
sidewall spacer including the lower insulating film and 
the sidewall insulating layer is to be located In the recess 
of the overhanging gate electrode. 

In the process for fabricating the MOS transistor ac- 
cording to the present invention. Ion implantation is pref- 
erably performed to form the source/drain regions after 
completion of the steps (I) to (v). The dose, Implantation 
energy, angle, and the number of times of the ion im- . 



plantation are not particularly limited as far as diffusion 
layers which define the source/drain regions having de- 
sired impurity concentration, depth and configuration 
are formed. However, as described above, if the final 

s configuration of the gate electrode is an overhanging 
configuration, ions are preferably Implanted at a prede- 
termined angle, and the ion implantation Is preferably 
performed a plurality of times at different angles. For ex- 
ample, to form an NMOS transistor, a first ion Implanta- 

10 tlon process Is performed in such a manner that arsenic 
Ions or the like are implanted at an angle of 9 ^ or more 
at an implantation energy of about 30keV to about 
150keV in a dose on the order of 1 x ^O^^cm'^ to 1 x 
lO^^cm'^ by using the gate electrode and the sidewall 

IS spacer as a mask, as shown in Fig. 10. Then, a second 
ion Implantation process Is preferably performed In such 
a manner that arsenic ions, phosphorus ions or the tike 
are Implanted at an angle of G g or more at an implanta- 
tion energy of about 50keV to about 200keV In a dose 

20 on the order of 1 x lO^'^cm'^ to 1 x 10^ ^cm'^ as shown 
in Fig. 1 1 . On the other hand, to form a PMOS transistor, 
a first ion implantation process is performed in such a 
manner that boron idns or the like are Implanted at an 
angle of 0 ^ or more at an implantation energy of about 

25 5keV to about 40keV in a dose on the order of 1 x 
10^^cm"2 to 1 X lO^^cm*^ by using the gate electrode 
and the sidewall spacer as a mask, as shown in Fig. 10. 
Then, a second Ion Implantation process Is preferably 
performed in such a manner that boron Ions or the like 

30 are implanted at an angle of 6 2 o'' ^ore at an implanta- 
tion energy of about 1 0keV to about 50keV in a dose on 
the order of 1 x lO^^cm'^ to 1 x lO^^cm^^ as shown in 
Fig. 11. 

The angle 9 -, is defined as follows: 

3$ tan 9 ^ = SG/Sh, where SG means distance between 
sidewall spacer end and gate electrode end, Sh means 
height of sidewall spacer. 

The angle 9 2 is defined as follows: 
tan 9 2 = BS/Sh. where BS means distance between 

40 gate electrode end on Its bottom surface facing channel 
regbn and gate electrode end on Its top surface. 

The oblique ion Implantation in a dose of greater 
than 1 X 10i5cm*2 might require much time, resulting in 
a reduced productivity. In such a case, It Is preferred to 

45 suitably adjust the dose of the Impurity and the implan- 
tation angle for the Ion Implantation. After the ion im- 
plantation, heat treatment may be preferably performed, 
for example, at a temperature of about 800**C to about 
lOOO^C for about 1 minute to about 60 minutes. Alter- 

50 natively, a rapid heat treatment may be performed at a 
temperature of about 900°C to about 1200**C for about 
1 second to about 60 seconds. 

Subsequently, known process steps such as forma- 
tion of an Interiayer Insulating film, contact holes and an 

55 interconnection layer are performed to complete the 
MOS transistor. The interiayer insulating film may be 
formed of SIN, SlOg. BSG, BPSG. SOG or the like by 
atmospheric pressure CVD, low pressure CVD. plasma 
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CVD or the like, for example. After the interlayer insu- 
lating film is fomned. a rapid heat treatment may be per- 
formed at a temperature of about SOO'C to about 900 
*C for about 1 minute to about 60 minutes or a rapid 
heat treatment at about 1000°C for about 30 seconds. 

In the process for fabricating the MOS transistor ac- 
cording to the present invention, ion implantation for 
threshold voltage control, channel stopping or punch- 
through stopping, counter-doping and the like may op- 
tionally be performed between the steps (i) to (v). More 
specifically, the ion implantation may be preferably per- 
formed after the step (1). 

For a PMOS transistor, a resist Is deposited to cover 
an NMOS transistor formation region, and N-type Impu- 
rity ions are implanted through the upper insulating film 
so that the peak of Implanted ion distribution is located 
adjacent the semiconductor substrate surface, In order 
to form a channel stopper for Isolation of different PMOS 
transistors from each other. For example, the ion im- 
plantation process employs phosphorus ions, an im- 
plantation energy of about 80keV to about SOOkeV and 
a dose of about 1 x lO^Scm'S to about 5 x ^Q^^cm^^ (an 
impurity concentration on the order of 1 x IOi^m-3 to 1 
X lO'iScm-^). This ion implantation process permits the 
impurity ions to be implanted into the inside of the sem- 
iconductor substrate (designated by a reference char- 
acter B in Fig. 1 3) adjacent to the channel region of the 
PMOS transistor because the upper insulating film is re- 
moved, and permits the impurity Ions to be Implanted 
into a surface portion of the semiconductor substrate ad- 
jacent to the source/drain regions (designated by a ref- 
erence character A in Fig. 12). At this time, to reduce 
the well resistance for prevention of latch-up. phospho- 
rus Ions, for example, may be deeply implanted Into the 
well at an implantation energy of about 250keV to about 
eoOkeV in a dose of about 1 x 10i2cm-2 to about 5 x 
10i^cm-2 (an Impurity concentration of about 1 x 
10^7cm-3 to about 5 x lO^Qcm-^) (designated by a refer- 
ence character C in Fig. 1 2 and by a reference character 
D in Fig. 13). Further, to control the threshold voltage of 
the PMOS transistor, N-type Impurity ions are implanted 
through the upper insulating film so that the peak of im- 
planted ion distribution is located near the semiconduc- 
tor substrate surface adjacent to the channel region. For 
example, the ion implantation process employs arsenic 
Ions, an implantation energy of about 20keV to about 
200keV and a dose of about 1 x lO^^cm-s to about 3 x 
lO^^cm-^ (an impurity concentration of about 3 x 
10i7cm-3 to about 3 x 10^ ^cm-^). This Ion implantation 
process allows the impurity ions to be implanted into the 
surface layer of the channel region of the PMOS tran- 
sistor (designated by a reference character E in Fig. 1 3), 
but substantially prevents the impurity ions from enter- 
ing the inside of the semiconductor substrate In regions 
other than the channel region because the upper insu- 
. lating film is formed. The ion implantation process need 
not employ a single implantation energy and a single ion 
type, but may employ different N-lype impurities such 



as phosphorus ions, arsenic ions and the iik which are 
to be implanted to different depths at a plurality of im- 
plantation stages. To form a PMOS transistor of a buried 
channel type. P-type impurity ions may be implanted 
5 through the upper insulating film for counter-doping so 
that th peak of Implanted ion distribution is located in 
a further upper surface portion of the channel region. 
For example, the ion implantation process employs bo- 
ron ions, an Implantation energy of about 5keV to about 
10 20keV and a dose of about 2 x 10i2cm-2 to about 8 x 
lO^^cm-^ (an impurity concentration of about 3, x 
10^7cm-3 to about 3 x lOi^cm-^). This ion implantation 
process permits the impurity ions to be Implanted into 
the further upper surface layer in the channel region of 
IS the PMOS transistor, but substantially prevents the im- 
purity ions from entering the inside of the semiconductor 
substrate in the regions other than the channel region. 
The ion implantation process need not employ a single 
implantation energy and a single ion type, but may em- 
20 ploy different P-type impurities such as BF2 ions and the 
like which are to be implanted to different depths at a 
plurality of implantation stages. 

For an N MOS transistor, a resist is deposited to cov- 
er a PMOS transistor formation region, and P-type Im- 
25 purity ions are implanted through the upper insulating 
film so that the peak of implanted ion distribution is lo- 
cated adjacent the semiconductor substrate surface, in 
order to form a channel stopper for Isolation of different 
NMOS transistors from each other. For example, the ion 
30 implantation process employs boron ions, an implanta- 
tion energy of about 30keV to about 1 30keV and a dose 
of about 1 X 10i2cm-2 to about 3 x 10i3cm-2. This ion 
implantation process permits the impurity ions to be im- 
planted into the inside of the semiconductor substrate 
3S adjacent to the channel region of the NMOS transistor 
because the upper insulating film is removed, and per- 
mits the impurity ions to be implanted into the surface 
portion of the semiconductor substrate adjacent to the 
source/drain regions. At this time, to reduce the well re- • 
40 sistance for prevention of latch-up, boron ions may be 
deeply implanted Into the well at an Implantation energy 
of about lOOkeV to about 300keV in a dose of about 1 
x 1 0^ 2crTT2 to about 5 x 1 0^ ^cm'^ Further, to control the 
threshold voltage of the NMOS transistor, P-type impu- 
4S rity ions are implanted through the upper insulating film 
so that the peak of implanted ion distribution is located 
near the semiconductor substrate surface adjacent to 
the channel region. For example, the ion implantation 
process employs boron ions, an implantation energy of 
so about 5keV to about 20keV and a dose of about 1 x 
l0i2cm-2 to about 5 x IQi^cm-^. This ion implantation 
process allows the impurity Ions to be Implanted into the 
surface layer of the channel region of the NMOS tran- 
sistor, but substantially prevents the impurity ions from 
55 entering the inside of the semiconductor substrate in re- 
gions other than the channel region because the upper 
insulating film is formed. The Ion implantation process 
need not employ a single implantation energy and a sin- 
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gle ion type, but may employ different P-type impurities 
such as BF2 which are to be implanted to different 
depths at a plurality of implantation stages. 

In this manner, where th ion implantation is per- 
formed after the step (i), only one mask formation step 
is employ d to independently control the distribution of 
the impurity concentration adjacent to the channel re- 
gion and the distribution of the impurity concentration 
inside the semiconductor substrate in other regions. In 
general, the impurity concentration in regions adjacent 
to the channel region must be adjusted at a relatively 
high predetermined concentration level (e.g.. about 1 x 
lO^^cm*^ or more when the gate length is 0.4|im to 
0.5^m or less), depending on the gate length and the 
thickness of the gate insulating film, to control the 
threshold voltage and short channel effects of the tran- 
sistor. The prior art method is not able to independently 
control the impurity concentrations under the source/ 
drain regions and In the semiconductor substrate in oth- 
er regions without an additional mask formation step. If 
ion implantation is performed without the additional 
mask formation step, regions adjacent to the source/ 
drain regions and regions adjacent to the channel region 
have the same impurity concentration, whereby the ca- 
pacitance at the junction of the source/drain regions is 
increased. Even if the addition mask formation step is 
employed to independently perform ion implantation in 
the vicinity of the channel region for the control of the 
impurity concentration, a sufficient alignment margin re- 
quired in the mask formation step increases the overlap 
of the regions adjacent to the channel region and the 
regions adjacent to the source/drain regions, decreas- 
ing the effects of controlling the capacitance increase. 
However, the aforesaid ion implantation step according 
to the present invention makes it possible to form the 
region having a high impurity concentration only adja- 
cent the channel region without the additional mask for- 
mation step, as shown In Figs. 12 and 13. The ion im- 
plantation for the channel stopper permits the impurity 
ions to be implanted to a greater depth In a lower con- 
centration than In the regions adjacent to the channel 
region, thereby exerting little effect on transistor char- 
acteristics. Further, the subsequent step of implanting 
ions for formation of the source/drain regions is per- 
formed so that the entire channel stopper region is cov- 
ered (designated by a reference character G in Fig. 12) 
or at least the region having a high impurity concentra- 
tion is covered (designated by a reference character H 
in Fig. 12), thereby remarkably reducing the impurity 
concentration under the source/drain regions to reduce 
the capacitance at the junction of the source/drain re- 
gions. 

An MOS transistor and a fabrication process there- 
for according to the present invention will hereinafter be 
described with reference to the drawings. 



Embodiment 1 

With reference to Figs. 1 (a) and 1 (b), an MOS tran- 
sistor according to the present Invention mainly com- 
s prises a silicon substrate 1 serving as a semiconductor 
substrate, a gate electrode 1 9 on a gate insulating film 
17 formed on a portbn of the silicon substrate 1 defined 
by a field region, and source/drain regions 31 . The field 
region includes a lower insulating film comprised of lam- 
10 ination of a silicon nitride film 3 and a silicon oxide film 
2, and an upper insulating film comprised of a silicon 
oxide film 4. The gate electrode 19 is configured such 
that the gate length of its top surface is greater than that 
of its bottom surface facing a channel region. A sidewalt 
IS spacer 16 is formed on a portion of the side wall of the 
gate electrode 19. The sidewall spacer 16 covers the 
outer periphery of the channel region and is made of the 
lower insulating film comprised of the silicon nitride film 
SAhe silicon oxide film 2, and a sidewall insulating layer 

20 comprised of an Inner silicon oxide film 1 6a and an outer 
silicon nitride film 15. The source/drain regions 31 are 
substantially leveled with the channel region. 

A process for fabriclating the MOS transistor will 
next be described. 

2S . Referring to Fig. 2(a), the silicon oxide film 2 having 
a thickness of about lOnm and the silicon nitride film 3 
having a thickness of about 1 0nm are formed as the low- 
er insulating film on the silicon substrate 1 in this order 
by a thermal process or CVD process and by a CVD 

30 process, respectively Then, the silicon oxide film 4 hav- 
ing a thickness of about 200nm is formed as the upper 
insulating film on the lower insulating film. 

Then, a resist pattem 7 (see Fig. 7(a)) including 
opening portions having minimum widths of 0.35|im and 

35 0.45^m are formed in NMOS and PMOS channel re- 
gions 5a and 6a in the NMOS and PMOS transistor for- 
mation regions 5 and 6, respectively by photolitho- 
graphic and etching processes using an i-line stepper. 
By using the resist pattern 7 as a mask, the silicon oxide 

40 film 4 is etched by a reactive ion etching process em- 
ph^ying the inductive plasma system to form openings 
in the silicon oxide film 4 on the respective channel re- 
gions 5a and 6a as shown in Fig. 2(b). This etching proc- 
ess in which the SiOa/SiN selective etching ratio is 10 

45 or more provides not more than about 6nm etching 
amount of the silicon nitride film 3 even ff about 30% 
overetching occurs in the etching of the silicon oxide film 
4, permitting the silicon nitride film 3 to sufficiently func- 
tion as an etching stopper. This prevents damages to 

50 the silicon substrate 1 . The width of the channel regions 
5a and 6a defined by this etching, along with the sidewall 
spacer to be formed in the subsequent step, determines 
the gate length. 

Referring to Fig. 2(c), a resist 8 is deposited to cover 

ss the NMOS transistor formation region 5, and phospho- 
rus Ions 9 of an N-type impurity are implanted into the 
PMOS transistor formation region 6 in a dose of about 
. 4x10^ 2/cnri2 at an implantation energy of about 1 80ke V 
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so that the peak of implanted ion distribution is located 
near the surface of the silicon substrate 1 under the sil- 
icon oxide film 4. This ion implantation process serves 
as channel stopping implantation for the PMOS transis- 
tor. Since the silicon oxide film 4 is absent on the PMOS 
channel region 6a, the ions enter the inside of the silicon 
substrate 1 . Then, to control the threshold voltage of the 
PMOS transistor of buried channel type, boron ions 10 
of a P-type impurity are counter-implanted into a surface 
portion of the PMOS channel region 6a in the silicon 
substrate 1 in a dose of about 4 x AO^Vcrrfi at an im- 
plantation energy of about 7keV. and arsenic Ions 11 of 
an N-type impurity are implanted to a depth greater than 
the boron ions 10 in a dose of about 5 x ^0^^/c^fi at an 
implantation energy of about 1 80keV The boron ions 10 
and the arsenic ions 11 enter the silicon oxide film, but 
hardly reach the surface of the silicon substrate 1 In re- 
gions other than the PMOS channel region 6a. 

In turn, the resist 8 is removed, and a resist 12 is 
deposited to cover the PMOS transistor formation re- 
gion 6 as shown in Fig. 2(d). Boron ions 1 3 are implanted 
into the NMOS transistor formation region 5 in a dose 
of 4 X 1012 /cm2.at an implantation energy of about 
65keV so that the peak of implanted ion distribution is 
located near the surface of the silicon substrate 1 under 
the silteon oxide film 4. This ion implantation process 
senses as channel stopping implantation for the NMOS 
transistor. Since the silicon oxide film 4 is absent on the 
NMOS channel region 5a, the Ions enter the inside of 
the silicon substrate 1. Then, to control the threshold 
voltage of the NMOS transistor of surface channel type, 
boron ions are implanted into a surface portion of the 
NMOS channel region 5a in the silicon substrate 1 in a 
dose of about 5 x ^0^^/cm^ at an implantation energy of 
about 7keV. and then in a dose of about 1 x lO^s/cm^ at 
an implantation energy of about 30keV. The boron Ions 
13 enter the silicon oxide film 4, but hardly reach the 
surface of the silicon substrate 1 in regions other than 
the NMOS channel region 5a. 

As shown in Fig. 3(e), a thin silicon nitride film 15 
having a thickness of about 1 0nm is formed on the entire 
surface of the resulting silicon substrate 1 including the 
silicon oxide film 4 having the openings. 

Referring to Fig. 3(f), a silicon oxkJe film having a 
thickness of about 120nm Is formed on the entire sur- 
face of the resulting substrate 1 by low pressure CVD, 
and is then anisotropically etched back by reactive ion 
etching so that silicon oxide films 16a remain only on 
the side wails of the openings in the silicon oxide film 4. 
At this time, the silicon oxide films 16a at the bottoms of 
the openings are about lOOnm in thickness. 

Portions of the silicon nitride film 15 which overlie 
the channel regions 5a and 6a and are not covered with 
the silicon oxide films 16a are etched away by reactive 
ion etching to form sidewall Insulating films comprised 
of the silicon nitrkie films 15 and silicon oxide films 16a. 
Subsequently, the silicon nitride film 3 is etched away. 
This allows the silicon oxide film 2 to be exposed in the 



opening bottoms. The resulting silicon substrate 1 is 
subjected to a cleaning process, in which the silicon ox- 
ide film 2 in the opening bottoms is etched away with an 
aqueous solution of hydrofluoric acid for RCA cleaning. 

5 Then, as shown in Fig. 3(g), the gate insulating film 17 
having a thickness of about 5nm is formed by hydrochlo- 
ric acid oxidation at about 800**C. 

With reference to Fig. 3(h), apolysilicon film 18 hav- 
ing a thickness of about 200nm Is formed on the entire 

10 surface of the resulting silicon substrate 1 by a known 
low pressure CVD process. Then, phosphorus ions of 
an N-type impurity are diffused in a concentration of 
about 1 X 1020/cm3 to about 2 x lO^O/cm® by a known 
technique. 

IS In turn, a resist pattern is formed by known litho- 
graphic and etching processes. By using the resist pat- 
tern as a mask, the polysillcon film 18 is patterned by 
reactive ion etching as shown in Fig. 4(i) to form NMOS 
and PMOS transistor gate electrodes 1 9 and 20 having 
20 the widths of 0.45^m and 0.55^un, respectively, which 
are greater by 0.1 iim than the opening widths to com- 
pletely cover the openings. The patterns of the gate 
electrodes 19 and 20 include connection porfions 19a 
and 20a to external interconnection lines or interconnec- 
ts tion lines to gate electrodes of other transistors formed 
outside the channel regions 5a and 6a (see Fig. 7(b)). 

As shown in Fig. 4(j), a resist pattern 21 (Fig. 8(c)) 
having opening portions 21a in the NMOS transistor for- 
mation region 5 and the PMOS transistor formation re- 
30 gion 6 is formed on the resulting substrate by photolith- 
ographic and etching processes. An opening portion 
21a formed in the NMOS transistor formation region 5 
(serving as the source/drain regions of the NMOS tran- 
sistor) must not contain the ends of the channel region 
3S 5a. An opening portion 21a formed in the PMOS tran- 
sistor formation region 6 (serving as a contact region) 
must not overlap the channel region 6a nor the gate 
electrode 20. By using the resist pattem 21 as a mask, 
the silicon oxide film 4 is etched away to form an oxide 
40 film opening portion 22. At this time, the etching of the 
silicon oxide film 4 preferably stops at the silicon nitride 
film 3. 

Referring to Fig. 4(k), with the resist 21 left, the sil- 
icon oxide film 4 is etched with an aqueous solution of 

45 HF to remove a portion of the silicon oxide film 4 remain- 
ing under the gate electrode 19. This allows the. gate 
electrode 19 to have an overhanging configuration ex- 
tending outwardly from the silicon nitride film 15 if no 
misalignment occurs. By using the resist pattern 21 as 

so a mask, arsenic ions are implanted in a dose of 4 x 10^^/ 
cm2 at an implantation energy of 90keV at an angle of 
35* with respect to a normal to the substrate surface to 
form an arsenic implanted layer 25. The implantation 
process is divided into four 90-degree steps in this em- 

ss bodiment, but may be divided into eight 45-degree 
steps. In this embodiment, the overhanging amount of 
the gat electrode 1 9 is 0. 1 5^m in the worst case, since 
a maximum pattern offset during the patterning of the 
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gate electrode 19 is 0.1 and the overhanging 
amount, if no pattern offset occurs, is O.OS^m. Since the 
height of the gate electrode 19 is 0.22jim, the implanta- 
tion angle 0 ^ is 34.3 degrees which is determined from 
the following relation: 

tan 0, =0.16/0.22. 

As shown in Fig. 4(1), with the resist 21 left, arsenic 
ions are implanted in a dose of about 1 x iC'^/cm^ at an 
implantation energy of about ISOkeV at an angle of 
about 60* with respect to the normal to the substrate 
surface to form an arsenic implanted layer 26 of a low 
concentration. The implantation process is divided into 
four 90-degree steps. This ion Implantation process is 
desirably performed at an angle greater than the angle 
e 2 at which arsenic ions are implanted into a region un- 
der the sidewall insulating layer comprised of the silicon 
nitride film 15 and the silicon oxide film 16a even if the 
pattern of the gate electrode 1 9 is offset by a maximum 
amount from the channel pattern due to misalignment 
and a difference in lens distortion between exposure 
machines to increase the overhanging amount to the 
maximum. The maximum amount of the pattern offset 
in this case is 0. 1 ^im. and the overhanging amount, if no 
offset occurs, is O.OS^m. Thus, the overhanging amount 
at the worst is 0.15|im. Provided that the thickness of 
the side wall, the height of the gate electrode and an 
intended ion implantation depth are 0. I^m, 0.22^m and 
O.OS^m. respectively, the implantation angle 62 is 45.0 
degrees which is determined from the following relation: 

tan 02 = (0.1 + 0.1 +0.05)/(0.22 + 0.03) = 0.25/0.25. 

With reference to Fig. 5(m), a resist pattern 27 (Fig. 
8(d)) having opening portions 27a in the PMOS and 
NMOS transistor formation regions 5 and 6 is formed in 
substantially the same manner as shown in Figs. 4(j) 
and 8(c). An opening portion 27a formed in the PMOS 
transistor formation region 6 (serving as the source/ 
drain of the PMOS transistor) must not contain the ends 
of the channel region 6a. An opening portion 27a fomned 
In the NMOS transistor formation region 5 (serving as a 
contact region) must not overlap the channel region 5a 
nor the gate electrode 19. By using the resist pattern 27 
as a mask, the silicon oxide film 4 Is etched away to fomn 
an oxide film opening portion 28. 

As shown in Fig. 5(n), with the resist 27 left, the sil- 
icon oxide film 4 is etched with an aqueous solution of 
HF to rennove a portion of the silicon oxide film 4 rennain- 
ing under the gate electrode 20. This allows the gate 
electrode 20 to have an overhanging configuration ex- 
tending outwardly from the silicon nitride film 15 if no 
misalignment occurs. By using the resist pattern 27 as 
a mask, boron ions are implanted in a dose of about 4 
X 10^^ / cm^ at an implantation energy of 15keV at an 



angle of 35'' with respect to the normal to the substrate 
surface to fomn a boron Implanted layer 29. The implan- 
tation process is divided into four 90-degree steps. If 
misalignment to the worst xtent occurs, a region having 

5 a width of about O.OSpm to about 0.1 ^im cannot be 
formed into a P+ region and has an increased resist- 
ance, since a diffusion region is to be formed only by P" 
implantation as will be described later. However, the 
voltage drop due to the resistance increase is as small 

10 as 0.1V. presenting no large problem in terms of logic 
operation. 

As shown in Fig. 5(o), with the resist 27 left, borbn 
Ions are implanted in a dose of about 8 x 1 0^^/cm^ at an 
implantation energy of about 25keV at an angle of about 
IS 60' with respect to the normal to the substrate surface 
to form a boron implanted layer 30 of a low concentra- 
tion. The implantation process is divided into four 90-de- 
gree steps. 

As shown in Fig. 6(p), heat treatment is performed 
20 at 850*C for 30 minutes to form N+ source/drain regions 
31 and P"^ source/drain regions 32 having an LDD struc- 
ture, and an interlayer insulating film 33 is formed by 
plasma CVD. 

Finally, contact holes are formed in the interlayer 
25 insulating film 33, and a metal interconnection 34 is 
formed as shown in Fig. 6(q). 

The fabrication process described above according 
to this embodiment achieves the formation of the NMOS 
transistor having a gate length of 0. 1 S^im (effective gate 
30 length of about 0. 1}im) and the PMOS transistor having 
a gate length of 0.25pm (effective gate length of about 
0.1 fim). 

As described above, the fabrication process of this 
embodiment can achieve the formation of the transistors 

35 without using a special facility such as an electron beam 
exposure apparatus requiring a high fabrication cost. 
The polysilicon electrode forming the gate electrode has 
a width of 0A5[im which is three times a 0.15nm-wide 
gate electrode formed by the prior art process and, 

40 therefore, has a resistance reduced to one-third. In this 
embodiment, the channel region having a relatively high 
concentration (up to 1 x 10''®/cm3) required to control 
the threshold voltage is formed only under the channel 
region, and the surface portions of the substrate serving 

45 as the source/drain regions have a relatively low impu- 
rity concentration (1 X 10^6 /cm^ to 1 X 10i7/cm3). This 
remarkably reduces the source-drain capacitance to 
one-third to one-tenth, which is very effective to improve 
the operating rate of the circuit. Further, the fabrication 

so process of this embodiment requires eight lithographic 
process steps for the formation of the channel region 
formation pattern, the gate electrode pattern, the N well 
region, the P well region, the N+ region, the P+ region, 
the contact pattern and th metal pattern to form a sig- 

ss nificantly simplified CMOS circuit. 

Further, in the fabrication process of this embodi- 
ment, the lithographic process for d termining the gate 
length is performed on a completely flat structure. 
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Therefore, the transistors having the above stated struc- 
ture Is virtually free from such a probi m as a locally 
narrowed pattern which may othenArise occur In a con- 
ventional case where the gat electrode pattem is 
formed by a lithographic process after the formation of 
an uneven LOCOS oxide film pattern serving as a d - 
vice isolation region. Thus, the gate length can be read- 
ily controlled with a high accuracy. 

Embodiment 2 

Embodiment 2 is substantially the same as the Em- 
bodiment 1 , except that the step of the ion implantation 
into the channel region and the step of the formation of 
the sidewall spacer is interchanged. 

First, the channel regions 5a and 6b are formed in 
the IMMOS and PMOS transistor formation regions 5 and 
6, respectively, in the same manner as shown in Figs. 2 
(a) and 2(b). The silicon nitride film 15 is formed as 
shown In Fig. 3(e), and then the silicon oxide films 16a 
are formed as shown in Fig. 3(f). 

Referring to Figs. 2(c) and 2(d), impurity ions are 
implanted into the PMOS transistor formation region 6 
and, further, impurity ions are implanted into the NMOS 
transistor formation region 5, Since the ions are not im- 
planted into a surface portion of the silicon substrate 1 
which underlies the sidewall insulating layers comprised 
of the silicon nitride films 15 and silicon oxide films 16a, 
the region having a relatively high concentration for de- 
termining the threshold voltage of the transistor is nar- 
rowed, further improving the effect of reducing the 
source/drain capacitance. In this case, however, the 
channel region to be ion-implanted is narrowed and pro- 
motes the lateral impurity diffusion to increase the liabil- 
ity to a reduction in the impurity concentration in the cen- 
tral portion of the channel region. Therefore, the dose 
of Ion implantation should be increased in comparison 
with Embodiment 1 . For example, phosphorus ions 9 of 
an N-type Impurity are implanted in a dose of about 4 x 
10^2/cm2 at an implantation energy of about 180keV so 
that the peak of implanted ion distributbn is located ad- 
jacent the surface of the silicon substrate 1 under the 
silicon oxide film 4. Thereafter, to control the threshold 
voltage of the PMOS transistor of the buried channel 
type, boron ions 10 of a P-type impurity are counter-im- 
planted into a portion of the silicon substrate 1 adjacent 
to the surface of the PMOS channel region 6a in a dose 
of about 4.4 X lO^^/cm^ at an implantation energy of 
about 7keV, and arsenic ions 11 of an N-type impurity 
are implanted to a greater depth than the boron ions 10 
rn a dose of about 6 x 1 0^^/cm^ at an implantation energy 
of about 180keV (see Fig. 2(c)). 

Boron bns 13 are implanted into the NMOS tran- 
sistor formation region 5 in a dose of about 4x10^ ^/cm^ 
at an implantation energy of about 65keV so that the 
peak of implanted ion distribution is located adjacent the 
surface of the silicon substrate 1 under th silicon oxide 
film 4. Subsequently, to control the threshold voltage of 



the NMOS transistor of the surface channel type, boron 
ions of a P-type impurity are implanted into a portion of 
the silicon substrate 1 adjac nt to the surface of th 
NMOS chann I region 5a in a dose of about 6 x 10^2/ 

5 cafi at an implantation energy of about 7keV and then 
in a dose of about 1.2 x 10^3 /cm2 at an implantation 
energy of about 30keV (see Fig. 2(d)). 

The subsequent steps are performed in the same 
manner as shown in Figs. 3(g) to 6(q) to complete the 

10 MOS transistor. 

Embodiment 3 

Embodiment 3 Is substantially the same as Embod- 
IS iment 1 , except that the PMOS transistor Is of a surface 
channel type. 

Referring to Fig 14(a). the oxide film 2, the silicon 
nitride film 3 and the silicon oxide film 4 are sequentially 
formed on the silicon substrate 1 in the same manner 
20 as in Embodiment 1 . 

As shown in Fig. 14(b), openings each having a 
minimum width of 0. 35^m are formed in substantially the 
same manner as in Embodiment 1 in the silicon oxide 
film 4 in the NMOS and PMOS channel regions 5a and 
^5 6a (serving as channels) of the NMOS and PMOS tran- 
sistor formation regions 5 and 6, respectively. The 
PMOS transistor of the surface channel type exhibits a 
suppressed short-channel effect in comparison with a 
transistor of the buried channel type, so that the mini- 
30 mum gate length thereof can be reduced in comparison 
with Embodiment 1 . 

As shown in Fig. 14(c), a resist 8 is deposited to 
cover the NMOS transistor formation region 5, and 
phosphorus ions 9 of an N-type impurity are implanted 
3S into the PMOS transistor formation region 6 in a dose of 
about 4 X lOi^/cm^ at an Implantation energy of about 
ISOkeV so that the peak of implanted ion distnbution is 
located adjacent the surface of the silicon substrate 1 
under the silicon oxide film 4. Then, to control the thresh- 
40 old voltage of the PMOS transistor of the surface chan- 
nel type, arsenic ions 11 of an N-type impurity are im- 
planted into a portion of the silicon substrate 1 adjacent 
to the surface of the PMOS channel region 6a in a dose 
ofaboutex 10^2/cm2atan implantation energy of about 
4S 30keV, and phosphorus ions are implanted therein In a 
dose of about 1 x ^0^^/crrfi at an implantation energy of 
about SOkeV (or arsenic ions may be Implanted therein 
in a dose of about 1x10 ^Vcrrfi at an implantation en- 
ergy of about ISOkeV instead). 
so The resist 8 is removed, and a resist 1 2 is deposited 
to cover the PMOS transistor formation region 6 in the 
same manner as in Embodiment 1 as shown in Fig. 14 
(d). Boron ions 13 are implanted into the NMOS transis- 
tor formation region 5 in a dose of about 4 x 10^2/cm2 
55 . at an implantation energy of about 65keV so that the 
peak of implanted ion distribution Is located adjacent the 
surface of the silicon substrate 1 under the silicon oxide 
film 4. Subsequently, to control th threshold voltage of 
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the NMOS transistor of surface channel type, boron ions 
of a P-type impurity are implanted into a portion of the 
silicon substrate 1 adjacent to the surface of the NMOS 
channel region 5a in a dos of about 5 x lO'^/cm^ at an 
implantation energy of about TkeV, and then in a dose 
of about 1 X 1 01 3/cm2 at an implantation energy of about 
30keV. 

As shown in Fig. 1 5(e), the silicon nitride film 1 5 are 
formed on the entire surface of the resulting silicon sub- 
strate 1 in the same manner as in Embodiment 1 . 

The silicon oxide films 16a are left only on the side 
walls of the openings in the silicon oxide film 4 in the 
same manner as in Embodiment 1 as shown in Fig. 15 

Portions of the silicon nitride film 15 which overlies 
the channel regions 5a and 6a and are not covered with 
the silicon oxide films 16a are etched away by reactive 
ion etching to form the sidewall insulating films com- 
prised of the silicon nitride films 1 5 and the silicon oxide 
films 16a. Then, the silicon nitride film 3 is etched away 
This allows the silicon oxide film 2 to be exposed in the 
bottoms of the openings. 

As shown in Fig. 15(g), the gate Insulating film 27 
is formed. Then, annealing is performed in an atmos- 
phere of N2O at a temperature of 800*C to 1000°C for 
about 5 minutes to about one hour to cause the gate 
insulating film 27 to contain one- to several-percent ni- 
trogen at the interface of the gate insulating film 27 and 
the silicon substrate 1 . This prevents fluctuation of the 
threshold voltage of the transistor which may otherwise 
be caused due to diffusion of boron ions Into the channel 
through the gate insulating film 27 because the gate 
electrode of the PMOS transistor is formed of boron-dif- 
fused polysilicon in the subsequent step. 

With reference to Fig. 15(h), polysilicon 18 is de- 
posited on the entire substrate of the resulting silicon 
substrate 1 by a known low pressure CVD process. 
Since ion implantation into the gate electrode is per- 
formed simultaneously with the ion Implantation for for- 
mation of the source/drain regions, no impurity diffusion 
process is performed after the deposition of the polysil- 
icon 18. 

As shown in Fig. 16{i), the polysilicon film 18 is pat- 
terned to form an NMOS transistor gate electrode 39 
and a PMOS transistor gate electrode 40 In the same 
manner as in Embodiment 1 . 

A resist pattern 41 (Fig. 18(a)) having opening por- 
tions 41a and 41b in the NMOS and PMOS transistor 
formation regions 5 and 6, respectively, is formed by a 
photolithographic and etching process. An opening por- 
tion 41 a formed in the NMOS transistor formation region 
5 (sen/ing as the source/drain of the NMOS transistor) 
does not contain the ends of the channel region 5a. An 
opening portion 41a formed in the PMOS transistor for- 
mation region 6(serving as a contact region) does not 
overlap the channel region 6a nor the gate electrode 40. 
An opening portion 41b formed In the PMOS transistor 
fornnation region 6 (sending as the source/drain of the 



PMOS transistor), does not contain the ends of the 
channel region 6a. An opening portion 41 b formed In the 
NMOS transistor formation region 5 (sen/ing as a con- 
tact region) does not overlap the channel region 5a nor 

s the gate electrode 39. By using th resist pattern 41 as 
a mask, the silicon oxide film 4 is etched away to form 
oxide film opening portions 42. This allows the gate elec- 
trode 30 to have an overhanging configuration extend- 
ing outwardly from the silicon nitride film 15 if no mis- 

10 alignment occurs. 

Referring to Fig. 16(k), a resist pattern 43 (Fig. 18 
(b)) having openings in the NMOS and PMOS transisior 
formation regions 5 and 6 is formed by a photolitho- 
graphic and etching process. By using the resist pattern 

IS 43 as a mask, arsenic ions are implanted in a dose of 
about 4 x 10i%m2 at an Implantation energy of 90keV 
at an angle of 35** with respect to the normal to the sub- 
strate surface to form an arsenic Implanted layer 44. 
As shown in Fig. 16(1), with the resist 43 left, arsenic 

20 ions are implanted in a dose of about 1 x 1 0^^m^ at an 
implantation energy of about 150keV at an angel of 
about 60** with respect to the normal to the substrate 
surface to form an arsenic Implanted layer 45 of a low 
concentration. 

25 . The resist pattern 43 is removed, and a resist pat- 
tem 46 (Fig. 18(c)) having openings in the PMOS and 
NMOS transistor formation regions 6 and 5 is formed by 
a photolithographic and etching process as shown in 
Fig. 17(m). By using the resist pattern 46 as a mask, 

30 boron ions are implanted in a dose of 4 x lO^^/cm^ at 
an implantatfon energy of 1 5ke V at an angle of 35' with 
respect to the normal to the substrate surface to form a 
boron implanted layer 47. 

As shown in Fig. 17(n). with the resist 46 left, boron 

3S ions are implanted in a dose of about 8 x 1 0^ ^/crrfi at an 
implantation energy of about 25keV at an angle of about 
60° with respect to the normal to the substrate surface 
to form a boron implanted layer 48 of a low concentra- 
tion. 

40 Further, as shown in Fig. 17(o), heat treatment is 
perfomned in the same manner as in Embodiment 1 to 
form N+ source/drain regions 49 and P+ source/drain re- 
gions 50 having an LDD structure and to form the N+ 
gate electrode 39 doped negative as the gate electrode 

^5 of the NMOS transistor and the P+ gate electrode 40 
doped positive as the gate electrode of the PMOS tran- 
sistor. 

The MOS transistor of Embodiment 3 is substantial- 
ly the same as that of Embodiment 1. but includes the 

so PMOS transistor having a reduced gate length of 
0.15|jm to improve a drive current and a PMOS gate 
capacitance reduced by about 40 %. The fabrication 
process of this embodiment, however, requires nine lith- 
ographic process steps for formation of the channel pat- 

ss tern, the gate pattern, the N w II region, the P well re- 
gion, the implanted region, the N+ region, the P+ region, 
the contact pattern and the metal pattern, which ar 
greater in number by one than the lithographb process 
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steps of Embodiment 1. 
Fmbodiment 4 

Embodiment 4 is substantially the same as the MOS 
transistor of Embodiment 3. except that a high-melting- 
point metal siiicide layer Is formed on the source/drain 
regions and the gate electrode in a self -alignment man- 
ner 

More specifically, the N+ source/drain regions 49 
and P+ source/drain regions 50 having an LDD structure 
are formed in the same manner as in Embodiment 3 
shown In Figs. 14(a) to 17(o). 

Referring to Fig. 19(a), the silicon nitride film 3 on 
the source/drain regions 49 and 50 or in the oxide film 
opening portions 42 is etched away by dry etching. In 
this step, it is desirable that the etching amount of the 
gate electrodes 39 and 40 and the silicon oxide film 4 is 
reduced as much as possible. In this embodiment, the 
conditions which ensure a great selective etching ratio 
to silicon are employed to minimize the etching of the 
gate electrodes 39 and 40. but allow slight etching of the 
silicon nitride film 3. Then, the remaining silicon oxide 
film 2 Is etched with an aqueous solution of HF to expose 
the surface of the silicon substrate 1 . 

A titanium thin film having a thickness of about 
10nm to about 50nm is formed on the entire surface of 
the resulting silicon substrate 1 by sputtering, and heat 
treatment is performed in an atmosphere of nitrogen at 
a temperature in a range between 600°C and 700^C for 
about 10 seconds to 60 seconds. The resulting silicon 
substrate 1 is immersed in a solution mixture containing 
sulfuric acid and hydrogen peroxide to dissolve titanium 
on the silicon oxide film 4. so that titanium siiicide layers 
51 are formed on silicon or only on the gate electrodes 
39 and 40 and the source/drain regions 49 and 50, as 
shown in Fig. 19(b). The subsequent steps of this em- 
bodiment are the same as those of Embodiment 3. 

In this embodiment, the gate electrodes of siiicide 
exhibits a much lower resistance than the polysilicon 
electrodes. Although it is known that a titanium siiicide 
gate electrode having a decreased gate length has an 
increased resistance, the present invention solves this 
problem because the gate electrode width is greater 
than the gate length. In addition, this embodiment can 
readily employ the salicide technique, since the gate 
electrodes are not covered with the insulating film and 
the source/drain regions are covered with the very thin 
insulating film, aher features of Embodiment 4 are the 
same as those of Embodiment 3. 

Embodiment 5 

Embodiment 5 is substantially the same as Embod- 
iment 4. except that the high-melting-point siiicide layer 
is formed in a different manner. 

The gate electrodes 39 and 40 are formed In the 
same manner as in Embodiment 3 shown in Figs. 14(a) 



to 160). ^ 

Referring to Fig. 20(a). the silicon nitride film 3 on 
the regtons where the source/drain regions are to be 
formed, or in the oxide film opening portions 42. is 
s etched away by dry etching. Then, the remaining silicon 
oxide film 2 is etched with an aqueous solution of HF to 
expose the surface of the silicon substrate 1 . 

A titanium thin film is formed on the entire surface 
of the silicon substrate 1. then heat treatment Is per- 
10 formed, and the resulting silicon substrate 1 is etched 
with a solution mixture containing sulfuric acid and hy- 
drogen peroxide in the same manner as in Embodiment 
4 Thus, the titanium siiicide layers 51 are formed only 
on the gate electrodes 39 and 40 and the source/drain 
IB regions 49 and 50 as shown in Fig. 20(b). 

The subsequent steps are performed in the same 
manner as in Embodiment 3 shown in Figs. 16(k) to 17 
(n) to complete the MOS transistor shown in Fig. 1 9{b). 
In the MOS transistor according to the present in- 
20 vention. the gate electrode is configured such that the 
gate length of the top surface thereof is greater than the 
gate length of the bottom surface thereof facing the 
channel region. The sidewall spacer is formed in contact 
with the side wall of the gate electrode to cover the outer 
25 periphery of the channel region. This allows for the fab- 
rication of the MOS transistor having an extremely small 
and stable gate length without being restricted by the 
limitation of the photolithographic technique which is 
used in the fabrication process steps. That is. an ex- 
30 tremely small MOS transistor can be provided by using 
the conventional 0.35^im-0.4^im microlithographic tech- 
nique without remarkably increasing the process steps. 
Further, the parasitic capacitance in the source/dram re- 
gions can be reduced. The sidewall spacer between the 
35 gate electrode and the source/drain regions may allow 
for the low-voltage high-speed operation of the MOS 
transistor without an Increase in the parasitic capaci- 
tance between the gate electrode and the source/dram 
regions. 

40 According to the fabrication process for the MOS 
transistor of the present invention, an MOS transistor 
which achieves low-voltage high-speed operation can 
be fabricated while a remarkable increase in the number 
of process steps is suppressed in comparison with the 

45 conventional MOS transistor fabrication processes. 
During the fabrication process, the insulating fllrp can 
be efficiently used as an etching stopper, and the sem- 
iconductor substrate is not subjected to etching, so that 
damages to the semiconductor substrate surface can 

50 be prevented. The photolithographic step for determin- 
ing the gate length is performed in an eariy stage of the 
fabrication process sequence and, therefore, is not in- 
fluenced by a level difference of the underlying pattern. 
Since there is no need to perform the photolithographic 

55 step for determining the gate length on a mat rial having 
a high reflection factor, the fine pattern of the gate elec- 
trode can be readily formed. The gate length once de- 
termined by the photolithographic step may be adjusted 
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more finely by the thickness of the insulating film to be 
subsequently fomied. This allows for stabler and finer 
control of the gate length. Since the channel region can 
be substantially leveled with the source/drain regions, a 
level difference on the semiconductor substrate is 
equivalent to the height of the gate electrode which is 
very small. Thus, the photolithographic step can be 
readily performed in the interconnection step after the 
fabrication of the MOS transistor. 



Claims 

1 . An MOS transistor comprising: 

a semiconductor substrate having a field re- 
gion; 

a gate electrode formed on the semiconductor 
substrate through the intermediatry of a gate in- 
sulating film; and 

source/drain regions formed in the semicon- 
ductor substrate: 

wherein the field region including at least a low- 
er insulating film and an upper insulating film 
made of a material permitting the upper insu- 
lating film to be selectively etched with respect 
to the lower insulating film; 
the gate electrode being configured such that 
the gate length of a top surface thereof is great- 
er than the gate length of a bottom surface 
thereof facing a channel regbn positioned be- 
tween the source/drain regions; the gate elec- 
trode having a sidewalt spacer formed of a side- 
wall insulating layer made of the lower insulat- 
ing film and a material permitting the sidewall 
insulating layer to be selectively etched with re- 
spect to the upper insulating film, the sidewall 
spacer contacting a side wall of the gate elec- 
trode for covering an outer periphery of the 
channel region; and 

the channel region being substantially leveled 
with the source/drain regions. 

2. An MOS transistor as set forth in claim 1 . 

wherein the upper insulating film is formed of 
a material which is able to be etched at a rate 5 to 
30 times higher than a material for the lower insu- 
lating film. 

3. An MOS transistor as set forth in claim 1 . 

wherein the upper insulating film is formed of 
a silicon oxide film, and the lower insulating film is 
formed of a double-layer film comprised of a silicon 
nitride fllm/a silicon oxide film. 

4. An MOS transistor as set forth in claim 1 . 

wherein the sidewall insulating layer includes 
. a silicon oxide film and a silicon nitride film covering 



th silicon oxide film. 

5. An MOS transistor as set forth in claim 1 , 

wherein the upper Insulating film is formed of 
5 a silicon oxide film, the lower insulating film is 
formed of a double-layer film comprised of a silicon 
nitride film/a silicon oxide film, and the sidewall in- 
sulating layer Includes a silicon oxide film and a sil- 
icon nitride film covering the silicon oxide 

10 

6. A process for fabricating an MOS transistor, com- 
prising the steps of: 

(i) forming a lower insulating film and an upper 
insulating film on the entire surface of a semi- 
conductor substrate, and forming an opening 
extending to the lower insulating film in the up- 
per insulating film on a channel region and a 
periphery portion of the channel region; 
20 (|j) forming a sidewall insulating layer of a ma- 

terial permitting the sidewall insulating layer to 
be selectively etched with respect to the upper 
insulating films on a side wall of the opening 
formed in the upper insulating film, and remov- 
es ing a portion of the lower insulating film which 
is present in the bottom of the opening and does 
not underlie the sidewall insulating layer to ex- 
pose the semiconductor substrate; 
(iil) forming a gate insulating film on the ex- 
30 posed semiconductor substrate; 

(iv) forming a gate electrode on the gate insu- 
lating film so that at least a portion of the side- 
wall insulating layer is covered therewith; and 

(v) removing a portion of the upper insulating 
35 film which overlies regions where source/drain 

regions are to be formed, to fonm a sidewall 
spacer contacting a side wall of the gate elec- 
trode. 

40 7. A process as set forth in claim 6, 

wherein the lower insulating film is formed of 
a first insulating film and a second insulating film 
made of a material permitting the second insulating 
film to be selectively etched with respect to the first 
insulating film, in the step (i). 

8. A process as set forth in claim 6, 

wherein the lower insulating film is formed of 
a silicon nitride film/a silicon oxide film, and the up- 
50 per insulating film is formed of a silicon oxide film, 
in the step (i). 

9. A process as set forth in claim 6, 

wherein the sidewall insulating layer is formed 
55 of a silicon nitride film and a silicon oxide film in this 
order on the upper insulating film including the 
opening, in the step (ii). 
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10. A process as set forth in claim 6. further comprising 
the st p of: 

(vi) forming source/drain regions by first-ion- 
implanting at an angle of not less than 6 ^ (tan 6 1 = 
SG/Sh, where SG is a distance between an end of 
the sidewail spacer and an end of the gate elec- 
trode, Sh is the height of the sidewail spacer) and 
then second-ion-implanting at an angle of not less 
than 82 (tan 9 2 =BS/Sh. where BS is a distance 
between an end of a bottom surface of the gate 
electrode facing the channel region and an end of 
a top surface of the gate electrode) with use of the 
gate electrode and the sidewail spacer as a mask. 
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